Purpose To determine incidence and management of acute corneal hydrops in the UK. Methods We used the BOSU report card system to survey cases of acute corneal hydrops in patients with keratoconus that occurred in the UK between November 2009 and December 2010. Ophthalmologists who reported a case were sent an initial questionnaire, with a follow-up questionnaire after 6 months. We collected information on the demographics, complications, changes in visual acuity, and management. The 2011 National Census was used as a source for population and ethnicity in the UK. Results There were 73 incident cases of acute corneal hydrops, with a response to the initial questionnaire for 64 (88%) patients and follow-up data at 6 months for 57 (78%) patients. For the 64 confirmed cases the median (interquartile range) age of onset was 31.9 (23.2, 41.3) years and 48 (75%) of the cases occurred in males. A total of 42 (66%) patients were white, 14 (22%) were South Asian, and 7 (11%) were black. The proportion of South Asian and black patients with acute corneal hydrops was significantly higher than in the general population (Po0.001). The minimum estimated annual incidence of acute corneal hydrops in patients with keratoconus was estimated to be 1.43 (1.10, 1.83) per 1000. At 6 months following acute corneal hydrops a decision to proceed with keratoplasty had been made for 12 (20.3%) patients. Conclusions This is the first populationbased estimate of the incidence of acute corneal hydrops in keratoconus.
Introduction
Keratoconus is associated with biomechanical abnormalities of the cornea that leads to secondary thinning and ectasia. Distortion of the cornea results in keratometric myopia and irregular astigmatism that can severely affect vision. The aetiology is unknown and corneal ectasia may represent the final common pathway for a variety of separate disease processes. 1 In mild cases visual correction may be achieved with glasses, but as corneal distortion progresses rigid contact lenses are often required. In hospital-based populations B10% of patients require a keratoplasty to improve their vision within 10 years of diagnosis, 2 and in developed countries keratoconus is the most common indication for keratoplasty. 3 It normally presents in early adulthood, it is more common in males, and typically progresses until the fourth decade of life when the disease usually stabilises. It affects patients of all ethnicities but with a higher prevalence in South Asian than white patients. 4 There is a very wide range in the reported incidence of keratoconus of between 1.3 to 25 new cases per 100 000 per year, [5] [6] [7] with estimates of prevalence of between 0.2 and 2300 individuals per 100 000 individuals, with differences determined by the inclusion and the diagnostic criteria used for case ascertainment, and the age or ethnicity of the population studied. 2, 4, 5, [7] [8] [9] [10] Acute corneal hydrops is a complication of keratoconus that develops when there is a split in the Descemet layer and endothelium that allows aqueous to enter the cornea with gross oedema of the overlying stroma and epithelium. 11 It has also been described as a complication of pellucid marginal degeneration and keratoglobus. 12, 13 Acute corneal hydrops has been associated with rapidly progressive keratoconus with an onset within the first few years of diagnosis. In the majority of patients an acute corneal hydrops resolves uneventfully over 2-4 months, 14 although vascularisation, 15 infection, 16 and perforation 16 are potential complications. The presence of a residual corneal scar after hydrops can reduce vision to an extent that a keratoplasty is required to improve vision. A prior history of acute corneal hydrops has been reported to be a risk factor for allograft graft rejection. 2 Although the prevalence of an episode of corneal hydrops in clinic-based patients with keratoconus has been estimated to be between 2.6 17 and 2.8%, 18 to the best of our knowledge there are no published estimates of the incidence of acute corneal hydrops in keratoconus. 19 We therefore conducted a survey of all ophthalmologists in the UK during a 12-month interval to identify new cases of acute corneal hydrops. We used two questionnaires to collect data on the epidemiology of acute corneal hydrops and the management strategies that were employed. We collated this information with national census data to derive an incidence figure.
Materials and methods
We used the British Ophthalmological Surveillance Unit (BOSU) card reporting system to prospectively identify new cases of acute corneal hydrops that occurred in patients in the UK between November 2009 and December 2010. A case of acute corneal hydrops was defined as the sudden onset of bullous corneal stromal oedema in a patient with keratoconus with a confirmed break in the Descemet layer. The diagnosis of keratoconus was based on agreed criteria. 20 Patients were included if they were normally residents in the UK, and there were no age restrictions. At the end of each calendar month a BOSU report card was sent to all consultant and associate specialist ophthalmologists in the UK. Recipients were asked to indicate all new cases of acute corneal hydrops or to confirm that they had no new cases to report. When a case of acute corneal hydrops was reported the ophthalmologist was sent an initial questionnaire requesting clinical and demographic details including age, gender, racial group, best corrected visual acuity (BCVA) before the onset of acute corneal hydrops, and management. Ethnicity was grouped as white, South Asian, South East Asian, or black, with mixed ethnicity grouped as mixed or other (Table 1) . A second follow-up questionnaire at 6 months requested details of any complications, the last recorded corrected visual acuity (VA) after the onset of hydrops, and any surgical intervention or planned surgical intervention. If vision was recorded as Snellen acuity it was converted to LogMAR equivalents. The study had research ethical approval (09/H0706/5).
Because the number of patients with keratoconus in the UK is unknown, we based our prevalence estimate on data from Denmark published by Nielsen et al. 7 This estimate was based on the number of patients with the ICD10 classification for keratoconus (DH18.6) in the population of susceptible age (415 years of age) for the years 1995-2005. The population and ethnicity of the UK was derived from the UK 2011 National Census, which are the data closest to collection interval of the study. [21] [22] [23] Descriptive analysis was used to report complications and treatment strategies. Summary measures were presented as mean and standard deviation for continuous (approximate) normally distributed variables, median and interquartile ranges (IQR) for non-normally distributed variables, and frequencies and percentages for categorical variables. Binomial probability tests were used to assess whether there was evidence that the proportion of each ethnic group was greater than would be expected from census figures. w 2 tests were used to assess whether there was evidence of a greater proportion of males than might be attributed to chance. All analyses were conducted using STATA Statistics/Data Analysis version 12.
Results
A total of 73 cases of acute corneal hydrops were reported during the study period. The response rate for Table 1 . There was a significantly higher proportion of patients reported as South Asian or black than in the general population for the 2011 UK census. 22, 23 There were no cases of acute corneal hydrops in patients reported as South East Asian. The estimated incidence of hydrops in white subjects was 0.07 per 100 000 compared with an estimated incidence of 0.32 per 100 000 for South Asian subjects and 0.37 for black subjects, so that South Asians and black subjects appears to be at a much greater risk of hydrops than white subjects (rate ratio 4.21 (2.21, 7.87) and 4.87 (1.85, 10.95), respectively). Nine patients had a history of a previous hydrops and in six of these patients the recurrence was in the same eye; six of the nine patients in whom a recurrence occurred were non-white.
Of the 64 patients providing data, 29 (46.8%) were treated with a topical corticosteroid and 32 (50%) were treated with hypertonic (5%) saline. Four patients received oral antibiotics (no explanation given). Six (10.2%) eyes developed significant corneal neovascularisation after their hydrops, and two of these patients were atopic. Two eyes (3.4%) developed a corneal perforation, and in one eye (1.5%) this was complicated by a sterile endophthalmitis. Seven (11.9%) eyes had received a penetrating keratoplasty (PK) within 6 months of their hydrops and a further four (6.8%) eyes had been scheduled for keratoplasty. No patients were reported to have had deep anterior lamellar keratoplasty or anterior chamber gas injection. The median LogMar BCVA before the onset of hydrops (38 eyes) was 0.6 (IQR 0.3-1), the uncorrected VA at the time of hydrops (54 eyes) was 1.6 (IQR 1.5-1.9) and the BCVA reported at 6 months after hydrops (47 eyes) was 1.3 (IQR 0.6-1.6; Figure 1 ).
The population of the UK at the time of the 2011 census was 63.2 million and we defined the population at risk of keratoconus as 415 years of age (52.1 million persons). 21 We assumed that the prevalence of keratoconus in the UK was the same as in Denmark and used a figure of 1 : 1163. 7 From this we estimated that there were 44 712 people 415 years of age living in the UK with keratoconus in contact with hospital services. This gives a figure for the minimum estimated annual incidence of acute corneal hydrops in the population at risk of keratoconus of 1.43 (1.10, 1.83) per 1000 (using the figure of 64 confirmed cases) or 1.63 (1.27, 2.05) per 1000 (using the reported 73 cases).
Discussion
Acute corneal hydrops is the sudden onset of gross corneal oedema in an eye with keratoconus that typically causes a marked reduction of vision. The associated blur and discomfort can adversely affect the ability to work and quality of life. Although the hydrops normally resolves over a period of 3-4 months residual corneal scar can still reduce vision, when compared with the corrected acuity before the onset of hydrops. Previously published figures for the prevalence of acute corneal hydrops have been derived from selected populations and thus probably overestimate the risk. This prospective population-based study has allowed us to estimate the minimum incidence of acute corneal hydrops in the UK in hospital-registered patients with keratoconus. Our upper estimate of 1.63 (1.27, 2.05) per 1000 patients with keratoconus compares with previously published prevalence estimates of 2.6 17 to 2.8% 18 based on retrospective data gathered in specialist referral clinics.
It has been reported previously that South Asian or black patients are at especial risk of developing keratoconus, 4, 24 and we have shown that South Asian or black ethnicity is also a risk factor for the development of acute corneal hydrops. It has been estimated that in the UK there is a 4.0-to 7.5-fold increase in the prevalence of keratoconus in South Asians compared with white Figure 1 Box plots demonstrating change in visual acuity for 33 eyes with data from before and after the onset of acute corneal hydrops. Vision after hydrops was statistically significantly worse than vision prior to hydrops. (P ¼ 0.017, signed-rank test).
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Eye patients, with a younger age at presentation. 4, 6 In a retrospective case series of 101 episodes of corneal hydrops in 101 patients reported from New Zealand, individuals of Pacific, but not Maori, ethnicity were reported to have a higher risk of hydrops compared with White Europeans. 19 Although we observed that hydrops was also more common in South Asian and black patients than white patients we cannot say whether the proportions of patients with keratoconus who progress to corneal hydrops differs between groups. The relevance of the influence of race is that our results will only apply to populations with a similar racial mix, and may be expected to change over time if there is migration. Our study confirmed previous observations that acute corneal hydrops is more common in males with a ratio of 3 : 1 compared with previous estimates of 1.2 : 1 to 2.9 : 1. 17, 19, 25 The median age of onset in the present study was 31.9 years compared with previous reports of 24.6-39.3 years. 17, 19, 25 The observation that keratoconus may first be diagnosed at the presentation of an acute corneal hydrops has been reported previously. 19 A wide range of treatments have been recommended for acute corneal hydrops, although none have been validated in a controlled trial. 26, 27 All patients in this study were treated with a topical antibiotic, lubricants and cycloplegia, whereas a proportion of patients also received topical hypertonic saline or corticosteroid. It is unlikely that any medical therapy hastens the resolution of the hydrops. 25 Corneal hydrops can stimulate corneal neovascularisation, particularly if the hydrops extends to the limbus with large stromal clefts, or if there is inflammation such as severe coexisting allergic eye disease, and topical corticosteroid has been recommended to reduce this risk. 15 Other secondary complications such as microbial infection or corneal perforation following acute corneal hydrops are uncommon and may be associated with coexisting chronic allergic conjunctivitis or a return to contact lenses. 17, 25 The utility of a prophylactic antibiotic following an acute corneal hydrops is unproven.
Although the majority of cases of acute corneal hydrops resolve within 4 months, 25 resolution may be slower in younger patients, or if there is a large Descemet layer break and large intrastromal clefts. 28, 29 Extensive corneal involvement has been associated with slower resolution of the hydrops and a poor final acuity. 25 It has been reported that the resolution of a small hydrops can be accelerated by injection of gas (eg, air or isovolumetric SF6 or C3F8), but there are risks of pupil block and the final visual outcome is not improved. 11, 30 No patients in our series were reported to have had a gas injection. It is also usual to await resolution of hydrops to assess the corrected acuity before performing keratoplasty because secondary scarring may flatten the cornea, which can improve rigid contact lens fit with useful vision if there is a scar off the visual axis. 17, 25 However, none of the patients in our study had an improved visual acuity as a result of their acute corneal hydrops. The deterioration in vision following a hydrops may encourage patients to have a keratoplasty, and previous studies have reported that the proportion of patients receiving keratoplasty following hydrops is between 18-67%. 17, 19, 25 A previous study from a contact lens department in the UK reported that 59.2% of eyes with hydrops had a keratoplasty compared with 13.1% in eyes without hydrops. 17 In contrast, a study from New Zealand reported that patients with hydrops did not have an increase in the rate of keratoplasty compared with age-matched controls with keratoconus, 19 although the authors noted that the proportion of keratoplasties performed for keratoconus in New Zealand (45.6%) is higher than in other published series 31 All patients in the current study had PK. Although the risk of rejection may be reduced following deep lamellar keratoplasty compared with PK the visual outcome may be inferior because of incomplete scar removal. 32, 33 The limitations of our study are the relatively short follow-up period and the reliance on BOSU as the sole source for reporting new cases of acute corneal hydrops. The mean-card return rate to the BOSU for the 12-month study period was 76%, which provides an indicator of good compliance from reporting ophthalmologists, but the BOSU reporting scheme is dependent on voluntary reporting and systematic under-reporting by individuals may have biased the data. The values for prevalence are based on the hospital records and they are likely to be an overestimate compared with the population as a whole. We do not have any information on the number of cases of keratoconus managed by optometrists in the community. Similarly, the number of cases of acute corneal hydrops, if any, that are managed outside the hospital system is unknown. The 6-month follow-up is also insufficient to identify the total number of cases proceeding to surgery; the mean interval to keratoplasty following an acute hydrops has been reported to be 1.3 years for right eye and 2.3 years for left eye. 17 It has also been reported that the risk of allograft rejection after PK is increased if there is a prior hydrops, 17, 34 but, again, the follow-up in this study was too short to permit us to comment on this. Although acute corneal hydrops may be more common in sporadic cases of keratoconus that in patients with a family history, the proportion of individuals in this study with inherited keratoconus was unknown. We used an estimate of the prevalence of keratoconus in Denmark to calculate a figure for the prevalence of keratoconus in the UK. However, the proportion of the Danish population that is of South Asian decent is o0.5% compared with 6.9% in the UK. 35 
